We hypothesize that the 2 antithrombotic treatment regimens, systemic heparin sodium vs antiplatelet agents, are equivalent for the treatment of blunt cerebrovascular injuries (BCVIs) to prevent devastating injury-related strokes.
bolization and/or stenting of an injury. Treatment was initiated for 282 asymptomatic BCVIs (heparin, 192; aspirin, 67; aspirin and/or clopidogrel, 23); 1 patient had a CVA (0.5%). Of 107 patients with untreated, asymptomatic BCVIs, 23 (21.5%) had a CVA. For untreated patients sustaining BCVI-related CVAs, the mean (SEM) time to diagnosis was 58 (10) hours. For those who did not exhibit symptoms within 2 hours of injury, mean time to diagnosis of CVA was 75 (11) hours. Injury healing rates (heparin, 39%; aspirin, 43%; aspirin/clopidogrel, 46%) and injury progression rates (12%; 10%; 15%) were equivalent between therapeutic regimens.
Conclusions:
With an overall CVA risk of 21% and a documented latent period, comprehensive screening, early diagnosis, and institution of antithrombotic therapy for BCVI are clearly warranted. The type of treatment, heparin vs antiplatelet agents, does not appear to affect either stroke risk or injury healing rates.
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E VALUATION FOR BLUNT CEREbrovascular injuries (BCVIs) and early treatment have eliminated many devastating injury-related strokes and their attendant morbidity and mortality. [1] [2] [3] [4] [5] [6] [7] [8] Screening protocols, based on patient injury patterns and mechanism of injury, have been instituted to identify these injuries in asymptomatic patients and to initiate treatment before the appearance of neurologic sequelae. Historically, systemic heparin sodium has been the treatment of choice for asymptomatic patients owing to reports of neurologic improvement in patients who had BCVIrelated stroke treated with heparin. 1, 5, [8] [9] [10] Recently, the initiation of antiplatelet agents has gained favor because of the ease of administration and monitoring. 4, 5, 9, [11] [12] [13] [14] [15] However, the optimal treatment regimen remains unclear. The purpose of this study was to critically evaluate treatmentrelated outcomes of patients with BCVIs.
METHODS
Denver Health Medical Center is a statecertified and American College of Surgeonsverified level I regional trauma center and integral teaching facility of the University of Colorado School of Medicine. In 1996, we initiated a screening protocol for BCVI based on injury mechanism, injury patterns, and symptoms ( Table 1) . Screening criteria were modified in 2005 following our evaluation of the relationship of cervical spine fracture patterns and BCVI. 16 Although we initially screened all pa-tients with any cervical spine fractures except spinous process fractures, we currently screen only patients with evidence of subluxation, fractures extending into the transverse foramen, and fractures of any part of cervical vertebrae C1 to C3. We reviewed the medical records of all patients treated for extracranial injuries since adoption of the BCVI screening protocol. During the study period, our standard screening test for patients at risk for BCVI was 4-vessel cerebrovascular angiography. Currently, we use computed tomographic angiography because confidence in this test has been established. 17 In patients who are candidates for antithrombotic therapy, screening is performed as soon as possible following evaluation of lifethreatening injuries. Digital subtraction angiography was performed via the femoral approach by an attending interventional radiologist. Patients' injuries were classified according to their angiographic appearance using the Denver grading scale 2 ( Table 2) . Once a BCVI was identified, either as a carotid artery injury (CAI) or a vertebral artery injury (VAI), antithrombotic therapy was started immediately, unless contraindicated by an associated injury at risk for delayed bleeding. Patients with intracerebral hemorrhage did not start taking antithrombotic agents until they were given permission by a neurosurgeon, typically by achieving unchanged or improving findings from a computed tomographic scan of the head 72 hours after injury. Initially, standard heparinization protocols were used, but because of a moderate incidence of bleeding in patients with multisystem trauma, the protocol was modified. 2, 6 The modified anticoagulation protocol involves initiating systemic heparin using a continuous infusion of heparin at 15 U/kg/h without a loading dose; heparin drips were titrated to achieve a partial thromboplastin time (PTT) between 40 and 50 seconds. Alternatively, antiplatelet agents (aspirin, 325 mg/d, and/or clopidogrel, 75 mg/d) were administered at the discretion of the attending surgeon. We are currently conducting a prospective randomized study of antiplatelet vs anticoagulation therapy for grades I to III injuries; for this reason, beginning in July 1, 2002, some patients underwent randomization rather than receiving heparin as a first-line agent. Previous indications for percutaneous stenting of BCVI and concurrent medical therapy have been reported 18 ; no patient has undergone carotid stenting since May 1, 2004 .
Imaging was performed again 7 to 10 days after the initial imaging. Injuries that either completely healed or decreased in grade were classified as "healing" for data analysis. Injury progression was classified as an increase in grade on the second angiogram. If the patient's BCVI was completely healed on the second angiogram, antithrombotic treatment was stopped. If an injury persisted, the patient continued with treatment for 6 months, with another imaging study planned for that time. Patients who initially started treatment receiving systemic heparin were transitioned to warfarin sodium for long-term treatment. Patients treated with antiplatelet agents continued to take this medication. A bleeding complication related to antithrombotic treatment was defined as a drop in hematocrit levels requiring packed red blood cell (RBC) transfusion or operative intervention. Statistical analysis was performed using SAS statistical software for Windows (SAS Institute, Cary, North Carolina). The Colorado Multi-Institutional Review Board approved this study.
RESULTS

PATIENT DEMOGRAPHICS
From January 1, 1997, to January 1, 2007, there were 18 431 admissions to our state-designated level I urban trauma center for blunt trauma, and 422 BCVIs were identified in 301 patients (1.6%). Most patients were men (64.8%) with a mean (SEM) age of 37.0 (0.8) years, and a mean injury severity score of 27.0 (0.9). The BCVI included 222 grade I injuries, 70 grade II injuries, 63 grade III injuries, 52 grade IV injuries, and 15 grade V injuries ( Table 3) . Mechanism of injury included motor vehicle collisions (179 patients), falls (35 patients), automobile/pedestrian accidents (26 patients), motorcycle/snowmobile collisions (18 patients), snowboard accidents (11 patients), bike accidents (5 patients), hangings (4 patients), assaults (4 patients), and other (19 patients (1) days, respectively. Overall mortality was 9%, and the mortality for patients who did not have a BCVI-related stroke was 5%.
TREATMENT FOR BCVI
Treatment was initiated for 282 asymptomatic BCVIs: heparin for 192 (68.1%), aspirin for 67 (23.8%), and aspirin and clopidogrel for 23 (8.2%) ( Table 4) . One patient (0.5%) with a grade II VAI who was appropriately treated with systemic heparin had a stroke. Of 107 asymptomatic BCVIs that did not receive adequate treatment, 23 (22%) resulted in stroke (13 CAIs and 10 VAIs). There were bleeding complications in 8 patients (patient 1); in an asymptomatic patient, systemic heparin was started using a 5000-U bolus followed by a continuous infusion. Ten hours later, the patient had an acute decrease in mental status; a computed tomographic scan of the head showed an epidural hematoma with shift, and the patient was taken to the operating room for evacuation. On transfer to the rehabilitation unit on hospital day 10, the patient had normal findings on motor neurologic examination (patient 2). In an asymptomatic patient, 10 days after heparin therapy was started, the patient had recurrent epistaxis with a PTT of 51 seconds; he underwent nasal packing and was given 2 U of RBCs to attain a hematocrit level of 28% (patient 3). An aspirin/ clopidogrel regimen was started (without the input of an attending neurosurgeon) for an asymptomatic patient with a subdural hemorrhage following a recent craniotomy. The patient required a second craniotomy because of bleeding (patient 4). An asymptomatic patient being given a heparin infusion developed a hepatic hematoma requiring 4 U of RBCs; PTT at the time of bleeding was 120 seconds (patient 5). Seven days after beginning treatment with heparin, an asymptomatic patient with a known grade I renal laceration had a slow drift in hematocrit level for 48 hours. Computed tomographic imaging showed a retroperitoneal hematoma; the patient required a 5-U transfusion of RBCs, and PTT at the time of bleeding was 56 seconds (patient 6). A heparin drip was started for a patient with a combined aortic thrombus (goal PTT was higher than the normal BCVI anticoagulation protocol) and grade I VAI; 72 hours later, the patient's hematocrit dropped to 12%, and he received a transfusion of 4 U of RBCs; PTT at this time was 60 seconds. Findings from angiography were normal, and the heparin drip was restarted 24 hours later (patient 7). Following heparinization for a BCVI-related middle cerebral artery stroke, a patient developed retroperitoneal bleeding; he was given a transfusion of 2 U to attain a hematocrit level of 28%. The PTT at the time of bleeding was 50 seconds (patient 8). Following a carotid stent-related stroke, heparin therapy was started. Several days later, the patient had an intracranial hemorrhage requiring craniotomy for evacuation.
Of 422 patients with injuries, 292 (69.2%) had imaging again a mean (SEM) of 10(0.9) days after initial angiography to document injury healing, progression, or stability. The BCVI outcome, stratified by treatment regimen, is reported in Table 5 . In patients who underwent imaging again, several comparisons are noted. For the 210 patients with CAIs, there was no change in the grade of injury on the second angiogram for 92 (34%) grade I injuries, 24 (33%) grade II injuries, and 32 (88%) grade III injuries. For the 212 patients with VAIs, there was no change in the grade of injury on the second angiogram for 68 (40%) grade I injuries, 20 (30%) grade II injuries, 23 (78%) grade III injuries, and 27 (78%) grade IV injuries. For BCVI overall, there was stability in injury grade on the second angiogram in 160 (36%) grade I injuries, 44 (32%) grade II injuries, and 55 (83%) grade III injuries. On 10-day follow-up imaging for those patients undergoing therapeutic treatment, injury healing rates for all BCVIs were 46% for aspirin and/or clopidogrel, 43% for aspirin, and 39% for heparin. Conversely, injury progression rates for all treated BCVIs were 10% for aspirin, 12% for heparin, and 15% for aspirin and/or clopi- dogrel. Approximately half (53%) of grade I BCVIs fully healed, whereas fewer than 10% of all grade II, III, and IV injuries healed. Of those injuries that resolved with no antithrombotic treatment, 91% (21 of 23) were grade I injuries.
BCVI-RELATED NEUROLOGIC EVENTS
A total of 50 patients who were not treated with antithrombotic agents sustained a stroke related to their BCVI, and 6 patients had bilateral strokes because of bilateral injuries; 22 patients (44%) presented to the hospital with signs or symptoms of neurologic ischemia; and 5 patients had a stroke after primary embolization or stenting (3 patients with unilateral CAI, 1 patient with bilateral CAI, and 1 patient with a unilateral VAI). Of 107 asymptomatic BCVI that did not receive adequate treatment, 23 (21%) resulted in stroke (13 CAI and 10 VAI). Of 50 patients sustaining BCVI-related stroke, 45 had a stroke unrelated to catheter-based interventions. Mean (SEM) time to diagnosis of stroke in these 45 patients was 58(10) hours after injury. For the 34 patients who did not have symptoms within 2 hours of injury, the mean (SEM) time to diagnosis of stroke was 75 (11) hours. Grade of injury for the 45 patients with stroke unrelated to catheter-based intervention was I for 23 injuries, II for 19, III for 20, and IV for 5. Diagnosis of a BCVI-related stroke in these 45 patients was based on symptoms in 28 patients and imaging alone in 17 patients; the 17 patients were intubated, unevaluable patients who had an indication for a computed tomographic scan (routine follow-up for head injury in 14 patients and a change in neurologic status in 3 patients). To our knowledge, no patient had a stroke related to BCVI after discharge, but long-term follow-up in this trauma population is limited. The stroke-related mortality was 30% (15 of 50 patients).
COMMENT
During the past decade, a wealth of studies has provided the scientific rationale to promote the early screening and treatment of BCVI. If untreated, CAIs have a stroke rate of up to 50%, and increasing stroke rates correlate with increasing grades of injury; VAIs have a stroke rate of 20% to 25%. 3 If the injury occurs in a surgically accessible area, particularly the common carotid artery, operative management is warranted. The vast majority of BCVI lesions, however, occur in surgically challenging or inaccessible areas, either high within the carotid canal at the base of the skull or within the foramen transversarium. Such a location makes the standard open vascular approaches for reconstruction or thrombectomy difficult, if not impossible. Consequently, antithrombotic therapy was initiated as treatment for these injuries.
To date, multiple studies suggest that early antithrombotic therapy in asymptomatic patients with BCVI reduces or nearly eliminates BCVI-related strokes. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Miller et al 8 found a reduction in stroke rate for CAIs from 64% in untreated patients to 6.8% in patients treated with antithrombotic therapy (either anticoagulation or antiplatelet agents), and, for VAIs, a reduction from 54% to 2.6% in treated patients. Cothren et al 7 demonstrated a stroke rate of 0.5% in 187 BCVIs treated with antithrombotic agents, whereas untreated patients had an overall stroke rate of 21%. To date, several nonrandomized studies with relatively small numbers of patients suggest equivalence for anticoagulation and antiplatelet agents with regard to stroke rate. 1, 3, 7, 8, 13 The present study, including 422 BCVIs, corroborates these findings. Patients treated with antithrombotic agents had a stroke rate of 0.5%. Of interest, both types of treatment, anticoagulation and antiplatelet agents, were effective in preventing stroke, and only 1 patient had a stroke while receiving systemic heparin. However, there is a difference in the number of patients treated with each modality; almost twice as many BCVIs were treated with anticoagulation compared with antiplatelet agents. This difference is likely for 2 reasons. First, intravenous heparin had been our treatment of choice based on early reports of neurologic improvement in patients sustaining BCVI-related ischemic neurologic events, 4,9,10 as well as reports of reduced stroke rates for asymptomatic patients with BCVI. 5, 6 It was assumed that systemic heparin promoted clot stabilization, if present, and clot resolution through intrinsic fibrinolytic mechanisms and prevented further thrombosis. Second, following the bleeding complication related to antiplatelet agents requiring craniotomy, hospital neurosurgeons have been reluctant to embrace the early use of antiplatelet agents in patients with intracranial hemorrhage.
In our study, patients with BCVI not treated with either anticoagulation or antiplatelet agents had a stroke rate of 21%. Some authors have argued that BCVI-related stroke is inevitable and unpreventable; hence, screening for these injuries, in their opinion, should not be pursued. 19 Although our group responded to this concern, 1 and continued to advocate aggressive screening, there may still be some question of utility in this approach. Unfortunately, there is a group of patients who will exhibit neurologic symptoms within 1 to 2 hours of admission; these patients cannot be effectively screened and treated because of the early onset of neurologic sequelae. Fortunately, however, this group of patients represents the few patients with BCVI. Most patients have a latent period that permits timely diagnosis and intervention. In our study, patients who did not have symptoms within 2 hours had a mean delay to stroke of 75 hours. Moreover, BCVI-related mortality is significant; in this series, the stroke-related mortality was 30%, whereas the overall mortality for patients not suffering stroke was only 5% in this group of patients with multiple injuries. Therefore, our results indicate screening in the at-risk population should be aggressively pursued and treatment appropriately initiated based on associated injuries and physiologic indices.
With an apparent equivalence of therapies for the primary end point, namely, BCVI-related stroke, an analysis of injury healing or progression as well as complications is an important variable in choosing antithrombotic treatment for an individual patient. Most of our patients had repeated imaging during the acute phase of injury, approximately 10 days after the initial diagnosis. Ap- proximately one-third of treated grade I and grade II injuries were unchanged on a second angiogram. For treated grade I injuries, 53% healed, whereas 10% progressed. For treated grade II injuries, fewer healed (27%) and more progressed (35%). Unlike grade I and grade II injuries, grade III and grade IV injuries were predominantly unchanged on the second angiogram (83% and 78%, respectively), with rare cases of complete healing or resolution with treatment. Comparing antithrombotic treatment groups, there does not appear to be a significant difference in healing or progression rates, but this analysis is limited by small sample size.
In patients with multiple injuries, institution of antithrombotic therapy should always be carefully considered because of the risk of bleeding complications. In this study population, several patients had bleeding that required intervention. In reviewing these complications individually, several points may be learned. First, early modification of our heparin protocol has undoubtedly reduced bleeding complications. Several of the reported complications occurred after a heparin bolus was administered or with a PTT above our current goal of 40 and 50 seconds. Second, 2 patients with reported bleeding complications underwent a transfusion of RBCs to attain a hematocrit level of 28%. According to currently used transfusion triggers in the surgical intensive care unit, these patients would not have received RBCs by today's standards. 20 Finally, as previously mentioned, use of antiplatelet agents in patients with intracranial hemorrhage, particularly following craniotomy, has been markedly reduced in our institution following a bleeding complication. Despite a better understanding of the scenarios that can lead to bleeding, each patient must be individually analyzed for therapeutic intervention, with the input of consulting physicians, particularly neurosurgeons. Only after carefully weighing the stroke risk vs the bleeding risk should the type of antithrombotic therapy be chosen and initiated. Currently, we tend to use systemic heparin during hospitalization with transition to aspirin as an outpatient.
There are several limitations of this study. This was not a randomized, controlled trial. As such, the choice of antithrombotic treatment as well as timing of initiation of such treatment was individualized, which could affect the complication rates noted. For example, because of the isolated bleeding complication of the patient treated with antiplatelet agents requiring another craniotomy, it is the determination of our neurosurgical colleagues that any patient with traumatic brain injury cannot receive antiplatelet agents for treatment in the acute phase. This, understandably, introduces bias into the treatment groups evaluated. In addition, there are few long-term results because few patients were compliant with outpatient follow-up. Comprehensive follow-up beyond the acute hospitalization has not been extensively reported in the literature, as is true in most trauma population studies. Edwards et al 13 reported the longest follow-up of patients with CAIs, but their study sample appears to be a selected group. Therefore, whether these injuries heal or persist during the lifetime of the patient is unknown.
Diagnosis and treatment of BCVI has evolved during the past 3 decades. Originally thought to be a rare occurrence, BCVIs are now diagnosed in more than 1% of patients experiencing blunt trauma. The recognition of a clinically silent period allows for screening for BCVI in asymptomatic patients based on the mechanism of trauma and the patient's constellation of injuries. The early diagnosis of BCVI allows prompt initiation of treatment, with apparent equal efficacy of anticoagulation and antiplatelet agents in preventing stroke. The choice of therapy should be individualized based on the patient's associated injuries and risk of bleeding. 
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